Abstract -An approach to sensorless speed control of permanent magnet DC motor drives is presented in this paper. The motor speed has been estimated indirectly by the respective back EMF voltage. Using a discrete vector-matrix description of the controlled object, an optimal modal state observer has been synthesized, as well as an optimal modal controller. The results obtained show that the applied control method can ensure good performance.
INTRODUCTION
The sensorless speed control is attractive for many technical applications, because it reduces hardware costs and improves mechanical reliability. For this reason development of driving systems without sensors for the respective mechanical coordinates is a topical problem of modern electric drives theory [1] .
An approach to sensorless speed control of DC motor drives is discussed in this paper. The controlled object is an electromechanical system which consists of a four-quadrant transistor chopper and a permanent magnet DC motor. In this case motor speed has been estimated indirectly by the respective back EMF voltage [2] .
Using a discrete vector-matrix description of the controlled object, a state observer has been synthesized, as well as the respective optimal modal controller applying a complex criterion for optimization [3] .
Detailed study has been carried out by means of mathematical modeling and computer simulation for the dynamic and static regimes at various loading conditions and disturbances. The results presented show that the applied method of control can provide for good performance.
II. MODELING OF THE CONTROLLED OBJECT
The vector-matrix model of the controlled DC motor drive is as follows:
where (1) and it is represented in Fig. 1 .
Because the motor velocity is not measured directly, the EMF back voltage Z e K E is used, which can be calculated in the following way:
For small quantization periods T (2) can be transformed into the next equation:
Based on the (3) a discrete model of the back EMF voltage has been developed which is shown in Fig. 2 .
The following notations of state variables have been adopted:
The measurable coordinate in this case is the motor back EMF voltage E, i.e. 10.2478/v10144-009-0033-z The discrete state-space model of the controlled DC drive can be represented as follows: 
In order to use the quadratic quality criterion in the process of synthesis, the system error of )
should be formulated, where
is the respective reference input. It is assumed that both the reference and disturbance inputs are constant, i.e. const ) ( k E r and const ) ( k i l . The following equation concerns both error and the respective state variables, which are not outputs [3] : 
Equation (5) has been used for the synthesis of both an optimal modal digital observer and the respective state controller.
III. SYNTHESIS OF OPTIMAL MODAL OBSERVER
Synthesis of the digital state observer has been carried out by an algorithm shown in [4] . This procedure utilizes the transpositioned additional object [5] : 
The eigenvalues are as follows: is defined, where 1 F should be placed.
In order to define the observer H matrix, it is necessary to find the 1 q eigenvector elements, solving the system of homogeneous algebraic equations:
For the elements of both eigenvector 1 q and weight matrix As the undesired eigenvalue is only one in this case, the feedback gain is derived as follows:
The observer equation is as follows [4] : These equations give the state variables valuation. Based on them the respective observer has been developed (Fig. 3) .
IV. SYNTHESIS OF OPTIMAL MODAL CONTROLLER
Design of the optimal modal controller has been realized by an algorithm shown in [3] . In this case synthesis is carried out based on equation (5).
The e A matrix eigenvalues are as follows: 3 F will be placed. In order to determine the controller vector K it is necessary to find the eigenvector 3 q elements, solving the system of homogeneous algebraic equations:
The elements of eigenvector 3 q and weight matrix As there is only one undesired eigenvalue ( 1 3 F ), the optimal modal feedback gain is derived as follows:
The feedback vector obtains this form: 
After substitution of ) (k v e in (6), for the optimal modal controller this expression is obtained:
Based on (13) the respective controller model is constructed, shown in Fig. 4 . Overtaking current limitation has been applied. The respective function is as follows:
where: i v is the current limitation initial code; m K -scale coefficient.
Hence, the control condition in the presence of current limitation will be:
The control code which should be supplied as input to the chopper is determined by condition (15). In accordance with it the current limitation model is composed (Fig. 5) .
Practically, the optimal modal control is achieved through consequent realization of (12), (13), (14) and (15). 
V. SIMULATION RESULTS
To prove the offered control algorithm functionality some computer simulation models have been developed, using the MATLAB/SIMULINK software package.
The block diagram of the system under consideration is represented in Fig. 6 . The applied quantization period is s 0001 . 0 T .The reference motor speed is Ȧ r Ȧ rat = 115.19rad/s, and the load torque is equal to the rated value of T l = T lrat = 3Nm. The starting current is limited to the maximum admissible value of i max = 31.4 A, which provides for a maximum starting motor torque. The disturbance influence expressed in the load changes has also been illustrated. In the case under consideration these variations are % 20 ' l T and % 20 ' l T consequently. Fig. 7 . Time-diagrams illustrating the driving system performance.
VI. CONCLUSION
An approach to sensorless speed control of permanent magnet DC motor drives is presented in this paper. The motor speed has been measured indirectly by the respective back EMF voltage.
The main feature of a system with optimal modal control have been described and discussed.
The analysis carried out shows that the investigated driving system provides for static and dynamic characteristics, analogical to those of the existing sensor version. But its price is lower, due to elimination of the speed sensor.
The results obtained show that the used control method can ensure good performance, which makes it suitable for a variety of applications.
